Ethyl palmitate is the ester derivatives of palmitic acid which is a saturated fatty acid. Chemical formula of this compound is C 18 H 36 O 2 . It is a colorless solid with a wax-like odor. Esters are important organic compounds with increasing number of commercial applications [1] . Ethyl palmitate are infrequent found in the nature, except the base material synthesized from saturated fatty acids, such as palmitic acid.
involved, the high degree of purity achieved, and the acceptance of these products in food industry [7] .
Natural sources of palmitic acid derived from edible oil. Therefore, as an alternative to other fruit kernel oil is used as basic materials such as Terminalia cattapa L. Kernel Oil or ketapang kernel oil (local language). Terminalia cattapa L. tree is fruitful for three times a year and this tree does not bear fruit by the season. Therefore, the availability of fruits are abundant and available throughout the year [9] . Previous research showed that the yield of crude oil from the Terminalia cattapa L. is 50.40-58.4 %. Fatty acid content of the Terminalia cattapa L kernel oil is palmitic acid (25-30 %) , oleic acid (35-55 %), linoleic acid (12-16 %) and stearic acid (4-7 %) [10] . These show that economically, Terminalia cattapa L. kernel oil can be extracted and converted into ethyl ester or ethyl palmitate, especially.
In the previous studies, the ethyl ester has been synthesized from Terminalia cattapa L kernel oil through enzymatic reaction using immobilized lipase [10] . The classical method of optimization involves varying one parameter at a time and keeping the other constant. Unfortunately, the method is inefficient as it fails to understand the relationships between the variables and the response (percentage yield). Therefore, we need the other methods that able to observe more than two variables, simultaneously. The most appropriate method is a factorial central composite rotatable design-response surface methodology (RSM-CCRD). The main advantage of CCRD-RSM is the reduced number of experiments, faster and less expensive method [11] . This method gives the optimum conditions which can be applied to the production of ethyl palmitate in industrial scale (scale-up reaction) and able to evaluate the interactive effects.
EXPERIMENTAL
Terminalia cattapa L. kernel oil and lipozime TL.IM were procured from Novo Nordisk (Denmark). Ethanol, ethyl linoleate standards and n-hexane were obtained from Sigma Aldrich (USA). Other chemicals were of analytical grade.
Statistical design: A four-factor-five-level CCRD was employed in this research, requiring 30 experiments. The factorial design consisted of 6 centre points, 16 factorial points and 8 axial points. The variables and their levels selected for the ethyl palmitate synthesis were: reaction time (3-7 h), substrate molar ratio (kernel oil to ethanol, 1:1-1:3) amount of enzyme (0.1-0.3 g) and temperature (35-55 °C).
Synthesis and analysis:
The mixture of kernel oil, ethanol and lipozyme TL IM were incubated in a horizontal water bath shaker at 150 rpm. Reaction time, temperature, amount of enzyme and molar ratio followed by the predictions of 30 data obtained previously by Design Expert software v.7. Each sample was incubated in a water bath shaker at a speed of 150 rpm during the period and a specific temperature. The reaction product was analyzed by using GC-MS using the parameters/ optimum condition as it has been developed by Suhendra et al. [11] .
Data analysis:
The data from the experiments performed are analyzed using design expert software v.7 [12] . Four main analytical steps: analysis of variance (ANOVA), a regression analysis, the plotting of RSM and the countour were performed to establish an optimum condition for the transesterification of kernel oil.
RESULTS AND DISCUSSION
Experimental design: Experimental data for transesterification of kernel oil and ethanol are given in Table- 1. Experiments were conducted using a central composite design that helps in investigating models (linear, two factorial, quadratic or cubic). The variables studied were reaction time, molar ratio, amount of enzyme and temperature.
The assay conditions for reaction parameter were taken at one level (+1 and -1) and zero level (center point). The experimental design was extended up to ± the axial point of 2.
The center values for variables were based on previous studies and were carried out at least three times for the estimation of error. The results of the transesterification reaction is analyzed using GCMS instrument to observe peak that have an equal retention time with the standard and the area produced. Data chromatogram of each trial (actual percentage yield) inputted into the Software Design Expert v.7, to obtain the predicted yield as given in the Table-1 .
Model fitting and ANOVA: Fitting of the data to various models and their succeeding ANOVA indicated that the reaction 
where A is the reaction time, B is the molar ratio, C is the amount of enzyme and D is the temperature. The effect of reaction time and amount of enzyme are give a negative interactions of the percentage yield. On the other hand, a positive influence is shown by the variable of molar ratio and temperature.
Data ANOVA for joint test are shown in Table- 2. On the table, it can be seen that the quadratic models have provided a significant value. The model are significant at 5% confidence level with p-value of 0.0047. It also indicated statistically insignificant lack of fit (p-value of 0,8851). Hemanandh and Narayanan [13] reported satisfactory quadratic response models were obtained for Meta Modeling of Emission Parameters of Refined Corn Methy Esters In 4s Diesel Engine.
The value of pure error of the model is sufficiently low, so this indicates that the data obtained has a good reproducible. Meanwhile, a coefficient of determination (R 2 ) value of 0.7955 (Table-3 ) showed equation to be not too highly reliable. However, this value is still above the 0.75 values generally considered to be sufficient for adequately representing [11] . Lower values of R 2 has been reported by Osario et al. [14] for novozyme catalyzed transesterification of palm oil stearin with soybean oil (R 2 = 0.566) as well as by Kiran et al. [15, 16] for lipase-catalyzed synthesis of steoryl and palmitoyl lactic ester (R 2 0.565-0.720).
Determination of optimum condition: Following the statistical tests performed, the software Design expert is able give some large selection conditions by the equation of order 2 with a predicted yield for each condition. All the optimum conditions can be used to produce more than 40 % of ethyl palmitate.
The optimum conditions can be seen from the highest yield percent. The optimum condition observed is the amount of enzyme of 0.19 g, reaction time of 4.68 h, molar ratio of 1:2.5 (oil:ethanol, w/w) and temperature of 44.82 °C.
Interactions of variables: Table-2 shows the variable such as molar ratio and amount of enzyme are the most significant in the process, meanwhile, time and temperature are less significant and not significant effect, respectively on this reaction. The test is also able to investigate the influence or interaction among variables as will be explained below: [17] reported that too low alcohol/oil molar ratio also led to an incomplete reaction. The contour plots and RSM demonstrated that the optimal conditions for molar ratio and time reactions were about 1:2.5 for kernel oil:ethanol and 4.68 h, respectively, with percentage of yields is 40.03 %. Similar trends for interaction of molar ratio and reaction time was reported by Sukjit and Punsuvon [18] in process optimization of crude palm oil biodiesel. Fig. 2 represents the effect of varying amount of enzyme and reaction time on alcoholysis reaction. Increasing amount of enzyme and reaction time will lead to an increased percentage of yield until 2.5 of molar ratio and 4.68 h for reaction time. After that, the percentage of yield will decrease. This may be due to the longer periods of incubation up to 5 h have clearly brought out the differential behavior of probable unfolding of the enzyme [19] .
The effect of varying temperature and reaction time at a constant molar ratio and amount of enzyme is shown in Fig. 3 . The interactions between temperature and reaction time of kernel oil alcoholysis are positive effects. The percentage yield increases with increased the incubation time (4.00 to 4.50 h and optimum at 4.68 h) but decrease if the temperature was above 44.82 °C. However, the high temperature in the enzymatic reaction caused denaturation of enzyme, thus the decrease in reaction rate occurred [19] . Habulin et al. [20] proposed that lipozyme at 50 °C existed in equilibrium between inactive and active forms. The alcoholysis reaction of ketapang seed oil was carried out at temperatures ranging from 40 to 50°C for 4 to 6 h.
As shown in eqn. 1 and Fig. 4 , the effect of the interactions between molar ratio and amount of enzyme of kernel oil alcoholysis are positive effects. Increasing molar ratio will lead to increase of percentage yields of ethyl palmitate. Percentage yields decrease slightly at high amount of lipozyme and substrate molar ratio 1: 2.5 referred maximal percentage yields.
Manohar et al. [21] reported that around critical molar ratio, the competing alcohol binding reduces the formation of the acyl enzyme complex and thereby result in decrease in alcoholysis. The presence of larger amount of substrates generally increases the probability of substrate enzyme collision. Yan et al. [22] investigated that if no mass transfer limitation is present, then the relation between percentage of yields and enzyme concentration should be linear. Due to the nature of the highly concentrated and mainly solid reaction mixtures, it is obvious that effective mixing of reactants and the enzyme is important to provide good transport and contact of the reaction partners. The optimum enzyme concentration highly depends on the stirring status. Fig. 5 represents the effect of varying temperature and substrate molar ratio on kernel oil. Thus, increasing molar ratio will lead to increase of percentage yields and slight decrease at high temperature. Two researchers reported that high temperature has reduced the operational stability [23, 24] .
The effect of varying temperature and amount of enzyme is presented in Fig. 6 . In this plot, while in one axis there is a linear increase in reaction, other axis showed the increment up to the limit, which decreases thereafter. The typical plot from varying temperature is called dome shaped. This indicates that a critical temperature is involved up to which alcoholysis is favored and it is not so after that critical temperature. Some researches reported that the increase in percentage yield is a clear indication of the conformational change indicating greater unfolding of the enzyme at 50 °C [25, 26] .
Conclusion
The statistical experimental designs combined with a fivelevel and four factor CCRD has been applied to optimize the synthesis process of ethyl palmitate. The optimum condition values were determined by response surface methodology. The determination coefficient was 0.7955, which ensure an adequate credibility of the model. The statistical analysis showed that the optimum reaction conditions led to the maximum conversion (40.03 %) and it has been succesfully evaluate the interactive effects for the enzymatic synthesis of ethyl palmitate from Terminalia cattapa L. kernel oil.
